Childhood obesity has adverse impacts on premature mortality and morbidity. Managing obesity could prevent premature mortality and several types of complications among high-risk groups. This study aimed to review and examine the effects of home-based interventions to treat and prevent childhood obesity. Three databases, i.e., PubMed, Scopus, and Science Direct, were included to extract articles related to the topic. The terms "childhood obesity", "home-based intervention", "parental program", and "parental involvement" were used as the primary keywords. Appraisal of the systematic review was based on PRISMA formats. Of 1556 publications identified, 22 studies fulfilled the inclusion criteria and were appropriate to conduct a meta-analysis. Overall, the home-based interventions reduced the body mass index (BMI) z-score by 36.99% (z = 36.99, p = 0.00). The data analysis indicated considerable heterogeneity among all interventions (Chi-square = 926.41, df = 22 (p < 0.000001), I 2 = 98%). The home-based intervention positively reduced BMI. Our findings could guide future meaningful home-based interventions to treat and prevent childhood obesity.
Introduction
Childhood obesity has become a crucial problem in both developed and developing countries. In 2018, the World Health Organization [1] estimated 41 million infants and children were obese. This number is predicted to increase to 70 million by 2025 [1] .
Childhood obesity has adverse effects on premature death as well as on physical and psychosocial problems of the child [2] . The increasing epidemic is associated with unhealthy eating habits, low physical activity, and sedentary lifestyle during childhood [3] .
Children are well-recognized as a priority target group of obesity interventions globally. Without proper intervention to prevent and manage childhood obesity, obese children will face life-long chronic illnesses including cardiovascular disease, diabetes, and cancer [4] . Dealing with childhood obesity is the cornerstone for preventing long-term complications and reducing premature death from chronic non-communicable diseases (NCDs). The American Academy of Pediatrics has recommended managing nutritious diets and physical activity. Moreover, limiting sedentary time such as that used for watching television, playing video games, using a computer for entertainment, and other screen-based activities should be emphasized [5] . From the literature review of Mulrine concerning interventions to prevent childhood obesity using different systematic reviews, the findings indicated a combination of strategies involving multiple settings such as the school and family are the most effective ways to combat the problem [6] . Measures of primary prevention by facilitating healthy environments to
Search Strategy
Several keywords were used to obtain relevant articles used in this review, comprising "home-based intervention", "parental program", "childhood obesity", and "young age obesity". Available articles related to the home-based interventions as well as parental programs for childhood obesity prevention were reviewed to extract information. To obtain the current articles, relevant to childhood obesity treatment and prevention programs, the period of publication was limited to ten years between 2009 and 2018. We used the Participant-Intervention-Comparison-Outcomes (PICO) format to design the criteria of articles for meta-analysis as follows; P: Childhood, school age I: Home-based intervention, parental-based intervention C: Control group O: Physical activity, sedentary lifestyle and healthy diets BMI z-scores, changes in obesity and overweight status summarized as proxy indicators
Inclusion Criteria of Study
The inclusion criteria of this study comprised: (1) English language articles published between 2009 and 2018; (2) randomized control trial (RCT) design with nonequivalent control group; (3) home-based or parental-based intervention to improve health behaviors and health outcomes; (4) BMI z-score measured as the proxy outcome; and (5) reported data for one or more specified outcomes such as BMI change before and after implementation or BMI z-score.
Exclusion Criteria
The researchers excluded studies based on the following inclusion criteria: (1) not being a home-based or family-based program; (2) type of study including descriptive, qualitative research, one-group quasi-experimental design, mixed-methods without testing the program effect, and quasi-experimental study with two groups pretest and posttest design with nonequivalent control group; (3) intervention target focused on adult population; (4) not focused on obesity treatment and prevention; and (5) published in a dissertation format or review studies such as literature review, concept analysis, systematic review, and meta-analysis, not involving home-based interventions for treating and preventing childhood obesity.
Details of search strategies, eligibility articles and included articles selected to review and to analyze in this study are summarized as Figure 1. 
Quality Assessment and Controlling the Risk of Bias
The Consolidated Standards of Reporting Trials (CONSORT) [13] , a validated scale for intervention studies in meta-analysis, was used to perform quality assessment and control risk of bias found in each study. The quality assessment items comprised: (1) random adequate sequence generation (selection bias); (2) allocation adequately concealed (selection bias); (3) blinding of participants and personnel (performance bias); (4) blinding of outcome assessment (detection bias); (5) incomplete outcomes data (attrition bias); and (6) selective reporting (reporting bias) and other biases.
The risk of bias assessment tool from the Cochrane tool was used as the criteria for judging the risk of bias. We assigned the risk of bias scales consisting of low, high, and unclear risk. When the study had several adjustment models, we extracted all information that reflected the maximum adjustment level to control the risk of bias. 
Statistical Analysis

Meta-analysis was conducted using Comprehensive Meta-analysis (CMA), Version 3.0 to analyze by pooling data from each study. The effectiveness of the home-based intervention program on BMI change between the experimental and control groups was explained using mean different and standard deviation. All data should be considered as continuous and thereby to determine outcomes measured, a mean difference with 95% confidence interval was also presented in the analysis process. Heterogeneity of variance was explained using chi-squared and I 2 index tests. The random-effects model was performed when the chi-squared for the heterogeneity test was insignificant. Statistical analysis with standard p < 0.05 was carried out by the review manager and a forest plot was carried out to describe the potential publication bias.
Results
Study Literature
We extracted three databases to screen and select articles based on the PRISMA flowchart and found 1556 documents had been published from 2009 to 2018. The researchers verified relevant articles related to home-based interventions to treat and prevent childhood obesity based on the titles and abstracts of the selected articles. Thereby, 1134 articles were excluded due to inconsistent inclusion criteria.
After screening articles based on research titles and abstracts, we recruited 422 eligible articles with full texts of publication. Based on the inclusion criteria, only 22 articles fulfilled the requirements to be examined in the meta-analysis phase. On the other hand, more than 400 articles were excluded for several reasons as described below. In all, 55 studies did not design the intervention using a home-based approach, instead using a school-, community-or health center-based method without family or parents as a focal point. A total of 69 studies measured outcomes using different indicators rather than BMI changes or BMI z-score, which were not included as primary outcomes in the meta-analysis. Exactly 40 population-based studies focused on other chronic diseases which were unrelated to childhood obesity such as hypertension, diabetes mellitus, and other metabolic disorders. In addition, obesity with comorbidities was also excluded in these reviews. Because these reviews focused on an RCT study design with pretest and posttest, 100 studies were excluded due to inappropriate study design such as descriptive study, qualitative study, mixed method design, and studies without comparison groups, while 30 studies were presented in a review format including literature review, concept analysis, systematic review, and meta-analysis. Other reasons to exclude 21 articles in this meta-analysis were no full texts available and publication in a dissertation format.
Controlling Risk of Bias
Of 22 studies included in this review, most were verified as having low risk of bias because most of these studies employed the blinding technique to avoid selection bias during sample selection and treatment allocation. The blinding technique was also used to avoid measurement bias after implementing the home-based intervention program.
Home-Based Intervention Features
Parental Involvement
As parents are key individuals in the family, incorporating parents as a part of the childhood obesity intervention is necessary. Parental participation in the management of childhood obesity leads to more favorable results to treat and prevent obesity when families positively influence healthy eating styles and physical activity of their children. Parents are usually responsible for preparing food, for suggesting proper food to eat when the child is away from home, and for creating a social environment fitting the child's needs. They also influence the physical activity of the child.
This review focused on home-based intervention to treat and to prevent childhood obesity among children and early adolescents. In general, programs were offered and designed for individual counseling on how to manage and control healthy food, enhance physical activity, and avoid a sedentary lifestyle. Moreover, key strategies also included goal-setting, problem-solving, and parent-child communication. Parents have roles to support their child's healthy behaviors.
Altogether, 23 studies indicated effective parental involvement to improve health outcomes among their children. All home-based interventions provided home learning by encouraging parents' active participation in the learning process followed by individual and group discussions [14, 15] . To improve parental skills on childcare and child rearing, some studies offered intensive programs on modeling therapies and engaged parents in long-term plans using problem-solving skills to combat the child's barriers [9] . Some studies focused on efficient time parents spent on their child for emotional support with admiration when the child was doing well, on parents' efforts to limit child's sedentary behaviors, and that spent on managing their child's improper behaviors [16] .
Some studies emphasized positive parental skills such as managing healthy behaviors by keeping track of their child's behaviors [8] , and establishing goal setting and effective plans to promote a healthy home environment [17] . Another study incorporated social support and encouraged availability and accessibility of healthy foods in the home environment to promote healthy eating behaviors [18] .
Nutrition Strategies
One study indicated the implications of an energy balance model to prevent and control childhood obesity by reducing fat and sugar intake while increasing fruit and vegetable intake to decrease the risk of weight gain [19] . Most obesity prevention programs recommended consuming low-fat and high-fiber diets; however, this review not only described kinds of food intake but also manipulated dietary change as a part of the intervention, such as managing the portion size or snacks to eat daily. Another strategy was to manipulate the food environment at home because the food environment plays a vital role in treating and preventing childhood obesity.
In general, home-based approaches related to the nutrition strategies were incorporated at home. The home environment influenced the child's eating behaviors the most. Moreover, parental styles also helped develop childhood healthy lifestyles [20, 21] .
Various strategies related to nutrition approaches were conducted in this review. Adequate information on healthy and balanced diets is essential for both children and their parents. Some studies explained positive ways to manage a balanced diet by increasing knowledge on healthy food intake, avoiding eating snacks, reading instructions, and understanding labels on food and drink, as well as modifying recipes [8, 9, 17, 22, 23 ]. Arauz's study introduced interactive nutrition games such as Jeopardy, indoor jump rope, and food pyramid bingo to improve nutritional balance and to prevent boredom [15] .
To improve healthy eating behaviors among children and their parents, ultimate knowledge is less important than managing the enormous pressures needed to achieve proper weight. This included reducing snack intake, encouraging consuming a proper diet [11] , increasing vegetable and fruit consumption, modifying meal and snack preparation [17, 24, 25] , and encouraging children to consume less high energy foods such as fatty meat, fried snacks, and sweetened drinks [26] .
In the study of van Nassau et al., the Dutch Obesity Intervention in Teenagers (DOiT) Program focused on raising awareness and changing behaviors to prevent childhood obesity among children and parents by reducing sugar-containing beverage (SCB) intake. This study aimed at lowering high-energy intake, reducing snack and sweetened food intake, and encouraging high fiber and low fat intake at daily breakfast. Social support was provided to influence self-confidence of parents in managing childhood obesity and strengthening availability and accessibility of health products at home environment [18] .
Another study was conducted using mailed interactive kits and telephone coaching to improve parental skills and child's behaviors including decreasing sugary drinks and fast food, increasing fruits and vegetables, and preparing meals at home. These skills also comprised setting routine sleep and meal times, creating a supportive home environment, promoting parental role models of healthy eating as well as improving parental feeding styles to maintain their child's weight [10] .
Arranging appropriate nutrition education concerning food standards to enhance parental skills on preparing food within a home environment would help parents to provide healthy food for their children. Moreover, interventions also encouraged parents concerning behavioral changes related to obesity prevention and motivated their self-efficacy in dealing with their child's problems and in managing their child's healthy diets.
Increased Physical Activity
Increased frequency of physical activity was considered an implication of the energy balance model for people with obesity. Traditional approaches focused only on raising awareness and behavioral change to reduce physical inactivity. Recently, social, physical, and cultural environments have become crucial determinants of the extent to which one is active [27] . Family support has a positive effect on the child's physical activity. A family-based obesity prevention program by enhancing physical activity is the most effective strategy for combating childhood obesity [28] .
The Canadian Pediatric Society (CPS) encourages performing physical activities and sports at least 30 minutes daily, with at least 10 minutes involving vigorous activities for children and adolescents to prevent and control childhood obesity. To conduct effective programs to promote physical activity at home, parents must be encouraged to serve as role models to their children on performing safe physical activities that all family members can enjoy [27, 29] .
Home-based approaches for physical activity have been conducted in some studies. The importance of physical activity is known as an essential component in Diabetes Mellitus Self-management (DMSM) Programs. The implementation of frequent and fun exercises among young people should emphasize performing regular and appropriate physical activity and appropriate physical activity at home.
In this review, some studies identified the effects of physical activities on reducing childhood obesity. The activities comprised aerobics [22, 30] , sports exercise [8, 18] , and sensory-motor and physical activity, with warming-up before and cooling down after exercise [25] . Another study was conducted to promote enjoyable physical activities such as dancing, team building, and playing ball games to avoid boring activities [31] .
Farias et al. designed a home-based intervention to increase physical activity. The aims of this study were focused on raising awareness and promoting behavioral changes by educating physical exercise classes to improve knowledge and skills of children concerning physical activity [32] . Physical activity with heart rate monitoring was conducted after setting goals, strengthening positive support and providing positive reinforcement to the child. Among the parents, enhancing problem-solving skills to increase their self-confidence in treating and preventing childhood obesity and encouraging the availability and accessibility of playground for physical activity at home were included [11, 24] .
Several shreds of evidence showed regular physical activity have a positive effect on reducing weight and improving insulin sensitivity [31] . Each kind of aerobic exercise significantly reduced systolic and diastolic blood pressure among children 9 to 11 years old [32] . Resistance training such as weight lifting could prevent hypertension among adolescents [33] . Regular physical activity also benefits all youth regardless of weight. It was associated with an increase in their self-esteem and self-concept and a decrease in anxiety and depression [34] .
Reduction of Sedentary Behaviors
The sedentary lifestyle has been proven to exhibit a causal relationship with obesity and overweight status. Research has been conducted all over the world to find out modifiable risk factors for current life style weight control. Reducing sedentary behavior implies an energy balance model to treat and prevent obesity. Encouraging the child to be involved in other physical activities such as housework and sports can reduce sedentary behaviors such as watching television and playing video games. The theory of the Information-Motivation-Behavioral (IMB) Model has proved that parents should provide sufficient information to their child to support regular practices among their children concerning healthy diet and sufficient physical activity to control children's weight [33] .
In this review, some studies focused on reducing sedentary behavior to manage childhood obesity [10] [11] [12] 15, 18, 24] . The evidence showed a positive effect on various markers that included reducing both morbidity and mortality [34] . The American Academy of Pediatrics (2001) [35] has recommended guidelines to reduce sedentary lifestyle by limiting time of watching television, removing media gadgets from children's bedrooms, and monitoring and viewing program contents along with the children. Reducing time of watching television is considered as one of the most modifiable causes of obesity in children.
Effectiveness of Home-Based Interventions on Health Outcomes
We recruited 22 studies in this review based on the inclusion criteria to determine the effectiveness of the intervention. Summary findings of the home-based interventions on health outcomes between the intervention and the control groups are presented below.
Body Weight
This review examined the effect of home-based interventions on reducing child weight. Regard 22 existing studies; about 73% produced a positive impact of the home-based intervention with respect to changed BMI z-score as a primary outcome of the intervention [8, 9, 11, 14, 17, 18, 22, 23, 25, 26, [30] [31] [32] [36] [37] [38] [39] . Six studies confirmed no significant changes in BMI z-scores between the intervention and the control groups after receiving the home-based intervention [10, 12, 15, 24, 39, 40] .
Healthy Eating Behaviors
Lifestyle behaviors are fundamental approaches to control weight among obese children. Twenty-two articles examined the impacts of home-based interventions concerning self-care behaviors. Substantial evidence proved that healthy lifestyle behaviors, including healthy diet, active physical activity, and reducing sedentary behaviors had impacts on reducing weight among overweight and obese children.
Four studies have reported a positive impact on reducing high-fat food and sugary beverages after receiving the home-based intervention [24, 36, 40, 41] . One study showed appropriateness in selecting healthy diet and increasing fruits and vegetables intake [9, 10, 24, 38, 41] , while two studies improved attitudes concerning eating patterns by reducing snacks and maintaining a balanced diet [11, 37] as well as increasing daily fruit servings [26] and decreasing soft drink consumption [9] . All of those studies showed a high level of parental roles in managing healthy diets for overweight and obese children.
Physical Activity and Sedentary Lifestyle
Seven studies also confirmed a significant increase in level of physical activity after participating in home-based intervention programs [9, 10, 17, 24, 25, 37, 39, 40] . Four studies focused on modifying behaviors to reduce sedentary lifestyle including reducing the time of watching television or playing computer games [10, 12, 24, 25] . On the contrary, one study showed no significant change after receiving the program [15] .
Summary of Effects Analysis of Interventions
Twenty-two randomized control trials were involved in this meta-analysis to examine the effects of home-based approaches concerning change of BMI z-scores. Figure 2 demonstrated on cumulative effects in BMI-Z scores of changed among 22 studies using Forest plot. Data analysis from Figure 3 shows considerable heterogeneity among all interventions (Chi-square = 926.41, df = 22 (p < 0.000001), I 2 = 98%). The effect sizes of 22 interventions were ranged between 0.0034-0.1557. Therefore, the overall effect of home-based approaches significantly reduced BMI z-scores by approximately 36.99% (z = 36.99, p < 0.001). 
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.000001), I 2 = 98%). The effect sizes of 22 interventions were ranged between 0.0034-0.1557. Therefore, the overall effect of home-based approaches significantly reduced BMI z-scores by approximately 36.99% (z = 36.99, p < 0.001).
Discussion
We conducted a systematic review and meta-analysis of 22 existing studies related to home-based interventions for childhood obesity prevention and control between 2009 and 2018. The findings of this review confirmed the effectiveness of home-based interventions on reducing weight. A randomized control trial was employed as a robust design in every study.
The home-based intervention was generated in the home setting to support children and their parents for managing obesity. This strategy offered a combination of didactic teaching and interactive or participatory learning approaches followed by goal setting, action planning, problem-solving, positive reinforcement, and monitoring of child behaviors.
This review found that home-based approach used collaborative strategies across studies including promoting healthy diets, increasing physical activity and reducing sedentary behaviors. Parental roles were incorporated in the program activities including managing food intake and recognizing the portion size, as well as enhancing problem-solving skills on managing barriers while implementing the program. Increasing the frequency of physical activity and reducing sedentary hours were achieved using fun strategies to minimize boredom. Many studies also described the details of parental involvement in the program activities such as providing emotional support, problem-solving and helping their children to manage their diets, facilitating physical activity, managing their child's emotional distress, and providing information for weight control. In general, parental roles in the home-based interventions focused on how to facilitate, accommodate, remind, motivate, and coach their child's appropriate behavior changes.
Findings from this study showed a significant reduction in body mass index (36.79%) after receiving the home-based intervention. This study was quite similar to a related meta-analysis conducted using a family-based program for childhood obesity prevention, which found a significant reduction on weight and improvement of other behavioral outcomes such as eating behaviors, physical activity, and sedentary lifestyle after receiving the program [42] . Another meta-analysis showed that family-based interventions targeting childhood obesity were successful in reducing weights both short and long term. This study also reported a moderate to large effect size for change in the target outcomes on child's BMI (BMI percentile, BMI z-scores, percent overweight) after participating in the family-based intervention [43] .
Moreover study conducted by Bleich et al. designed the combination of school based intervention with home element had a significant effect on preventing obesity [44] . Another meta-analysis also showed that the home-based intervention had a positive effect on weight outcomes [45] . However, the strength of this evidence is low to support the effectiveness of home-based child obesity prevention programs. Therefore, the recent meta-analysis focused on home-based intervention, particularly those incorporating the parenting strategies for treatment and prevention of childhood obesity.
Strengths and Limitations
This meta-analysis focused on randomized control trials (RCTs) to prevent and control childhood obesity. The aim was to test the effectiveness of the home-based interventions concerning reducing child's weight. This design was considered as rigorous method to ensure the validity of health outcome measures. Another strength was the focus on data pooling of the various studies by analyzing BMI z-scores to examine the effect of outcome measures. The random effects model was used in the analysis to verify the distribution of true effect sizes by estimating the mean distribution of pooled data among all 22 studies. To ensure the up-to-date and relevant data of the articles, this review focused on articles published between 2009 and 2018. Also, these studies analyzed the risk of bias with almost 98% heterogeneity for each study. Although we created this systematic review by hand tracking, there may have been some studies related to home-based interventions for childhood obesity prevention that remained unidentified.
Conclusions
Developing a home-based intervention to prevent and control childhood obesity is an integral part of weight reduction, focusing on improving child health as well as parental behaviors. In conclusion, this systematic review and meta-analysis found that home-based interventions could reduce BMI z-scores among obese children.
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